Using this approach, we tested whether the silencing of several plant homologs of human MEKK1 suppressed R gene-mediated resistance responses. Our results demonstrate that silencing the expression of one plant MEKK1 homolog, NPK1, interferes with N-, Bs2-, and Rx-mediated resistance responses but does not affect the Pto-and Cf4-mediated hypersensitive response (HR). Furthermore, NPK1-silenced plants exhibit reduced cell size and an overall dwarf phenotype. These results suggest that NPK1 has a complex role in the regulation of multiple cellular processes.
Results

Identification of Solanaceous MEKK1 Homologs
To begin investigating whether animal and plant defense pathways share MAPK signaling components, we conducted database searches for plant homologs of human MEKK1 (Q13233). Searches of the GenBank databases using the BLASTP and TBLASTN programs identified homologs in the MEKK-like subfamily of plant MAPKKKs (30% identity and 50% amino acid similarity). All of the plant protein sequences identified contain regions homologous to the ‫-052ف‬amino acid kinase domain of MEKK1. The plant genes encoding amino acid sequences showing greatest homology to the MEKK1 kinase domain are tobacco NPK1, a tomato NPK1 ortholog (BG125874), and ANP1, an Arabidopsis NPK1 Figure 1A, a) 
Signaling Pathways
We find that the silencing of SGT1, but not of NPK1, To determine whether NPK1 and other MEKK1 homoabolishes both the RPS2 overdose response and the logs play a role in other solanaceous resistance gene recognition of AvrRpt2 ( Figure 2E ). We tested the ability pathways, we tested the effect of silencing these seof Pseudomonas syringae pv. tabaci ( Figure 3A) . NB93317 mRNA was not reduced over this time course ( Figure 3A) . These data harboring avrPto or avrCf4 were infiltrated into silenced leaves either alone or in combination with Pto or Cf4.
suggest that NPK1 silencing is specific and does not lead to reduction in RNA levels of a closely related Plants infiltrated with avr genes alone did not exhibit an HR; however, both control and NPK1 Ϫ plants infiltrated MEKK1 homolog. Gene silencing generates, and is thought to be mediwith a mixture of corresponding avr and R genes developed HR 2 dpi (Figures 2C and 2D) . No HR was induced ated by, gene-specific 21-23 nucleotide RNAs (Hamilton and expansion in addition to its role in cytokinesis. Attempts to generate transgenic NPK1-silenced plants using duplex RNAi have not been successful; the failure to recover NPK1 Ϫ transformants is an indication that NPK1 is essential for plant development, and its absence results in lethality. Thus, NPK1 appears to be a "signal integrator" for many different biological "inputs", acting as a central regulator in plant signaling networks controlling plant defense, stress responses, hormone signaling, and cellular development.
In TMV resistance, NPK1 silencing appears to have less effect than silencing SGT1 or N. One interpretation of this observation is that N may initiate multiple signaling pathways, not all of which require NPK1, or that N may be able to utilize an alternate MAPKKK in the absence of NPK1. As a result, suppression of NPK1 may leave other pathways intact, resulting in only partial loss of resistance. Another possibility is that the malformed cells that result from the reduction of NPK1 could render NPK1
Ϫ plants more susceptible to TMV-GFP and incompetent to induce the Bs2/avrBs2-and Rx/PVX-mediated HR. However, the specificity with which NPK1 functions in pathogen-resistance signaling (affecting N, Rx, and Bs2, but not Pto, Cf4, the RPS2 overdose response, or functions outside the realm of defense response. To
